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(54) Catalyst composition & process for making same 

(57) A process for preparing a supported metal cat- 
alyst composition which comprises impregnating micro- 
spheroidal support particles with a solution of at least 
one catalytically active metal, or precursor, drying the 
impregnated support particles and then treating the mo- 
bile metal, or precursor in a mobile state with a liquid 
comprising at least one reducing agent to deposit and 
immobilize the metal, or its precursor, in the support par- 
ticles such that the metal, or its precursor, is distributed 
in the support particle in a layer below the surface of the 
support particle, the layer being between an inner and 
an outer region having a lower concentration of metal 
or precursor. Also, a composition comprising micro- 
spheroidal support particles having at least one catalyt- 
ically active metal or precursor thereof distributed in a 
layer below the surface of the particles, the layer being 
between an inner and an outer region of the support par- 
ticle each having a lower concentration of metal or pre- 
cursor. 
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Description 

[00011 This application is a continuation-in-part of U.S. Serial No. 09/626,1 56 filed 26* July, 2000, the entire contents 
of which are hereby incorporated by reference. The present invention relates to a process for prepanng a supported 
metal catalyst and to novel supported metal catalysts. ^ ak ^ a iw. 
r00021 Supported metal catalysts are typically made by impregnating a suitable support material with a catalyticaHy 
active metal or with its precursor. For example, catalysts for use in the production of vinyl acetate monomer (VAM) by 
the reaction of ethylene, acetic acid and oxygen are made by impregnating a support such as silica or alumina with a 
compound of a Group VIII noble metal such as palladium together with a gold compound and an alkali metal salt, 
typically in the form of an acetate, the palladium and gold compounds being converted to catalytically active state 
r00031 In early examples of fixed-bed catalysts for use in the production of VAM, palladium and gold were distributed 
more or less uniformly throughout the support, for example, U.S. Patent No. 3,743,607. Since gaseous reactants do 
not diffuse significantly into the large fixed-bed catalyst particles, much of the expensive catalytic metal components 
in the interior of the catalyst were not useful. Subsequently, shell-impregnated, fixed-bed catalysts were developed in 
which most of the catalytic metals were deposited onto an outer shell of the support particle. For example, Great Britain 
Patent No 1 500 167 describes a catalyst in which at least ninety percent of the palladium and gold is distnbuted in 
thatpartofthesupportparticlewhich is notmore than thirty percent oftheparticle radius from thesurface. The palladium 
and gold being at/near the surface are susceptible to loss through attrition. 

rO0O41 In the preparation of shell-impregnated, fixed bed catalysts such as that described in GB 1 ,500,167 and EP- 
A-0 569 624, after impregnation of a support with a Group VIII noble metal solution, the noble metal is subsequently 
precipitated to the support by, for example, treatment with an aqueous solution of an alkali metal salt. Such precipitated 
noble metal has limited mobility. 

rOOOS] US 4 677 084 describes a process for preparing attrition resistant catalyst, catalyst precursor and catalyst 
support particles and in particular silica-containing vanadium/phosphorus oxide catalysts. The catalyst, catalyst pre- 
cursor or catalyst support particles are slurried in a solution of an oxide such as silica. The slurry is then spray-dned 
and calcined to produce microspheres. The process results in the formation of an oxide-rich layer at the penphery of 

each calcined microsphere. . 

r00061 WO 99/62632 describes preparation of a vinyl acetate catalyst compns.ng palladium and gold in which it is 
said that the catalyst contains palladium and gold distributed in a thin shell at or near the surface of the catalyst support. 
The preparation involves a base fixing step for the palladium but not the gold. 

rO0O71 GB 1 521 652 relates to a noble metal-containing catalyst which comprises a mixture of palladium and gold 
as noble metais, and a support material, and having (a) an outer layer of low or zero noble metal content. <b) an inner 
shell rich in noble metal and (c) a core having a low or zero noble metal content. Accord.ng to GB 1 521,652 the 
geometrical dimensions of the support can, for example, be in the range 1 - 8 mm. In the preparation of these catalyst 
materials the earner material is impregnated with a solution containing palladium salts and gold salts dned and then 
an aqueous alkaline solution is added to convert the noble metal salts to water insoluble compounds. After an optional 
wash and/or drying the material is treated with a reducing agent. 

r00081 US 4 048 096 relates to catalysts for the preparation of vinyl esters and particularly to palladium-gold catalysts. 
According to US 4.048,096 reproducing examples of US 3,775,342 produced catalyst with an interiorband of pallad.um- 
qold alloy deposited on the catalyst support. In the Comparative Example described therein, a catalyst was prepared 
having palladium and gold deposited in a narrow interior band of approximately 0.1 to 0.2 mm thickness located 
approximately 0.5 mm below the surface. The preparation involved treatment with base. US 3,775,342 also desenbes 
the use of base to form insoluble noble metal compounds as part of the catalyst preparation process. 
[0009] There remains a need for an improved metal catalyst composition and in particular, a supported metal catalyst 

rooi Ol^Thus according to the present invention there is provided a process for preparing a supported metal catalyst 
composition which process comprises impregnating microspheroidal support particles with a solution of at least one 
catalytically active metal, or precursor thereof, such that the metal, or its precursor, is in a mobile state in the support 
particles, drying the impregnated support particles and then treating the mobile metal, or precursor, in the support 
particles with a liquid comprising at least one reducing agent to deposit and immobilize the metal, or its precursor in 
the support particles such that the metal, or its precursor, is distributed in the support particle in a layer below the 
surface of said support particle, said layer being between an inner and an outer region, each of said inner and outer 
reqions having a lower concentration of said metal or precursor than said layer. 

[00111 Also according to the present invention there is provided a catalyst composition comprising microspheroidal 
support particles having at least one catalytically active metal distributed therein, in which the metal is distnbuted in 
the support particle in a layer below the surface of said particle, said layer being between an inner and an outer region 
of said support particle, and each of said inner and outer regions having a lower concentration of said metal than said 
layer. 
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r0012l Also according to the present invention there is provided a composition comprising microspheroidal support 
oarticles having at least one precursor of a catalytically active metal distributed therein, in which the precursor is d.s- 
Sd in the support particle in a layer below the surface of said particle, said layer being between an mner and an 
outer region of said support particle, and each of said inner and outer regbns having a lower concentrat.cn of sa.d 

roS^The procesioHhe present invention prepares catalyst compositions which can provide high attrition resist- 
ance as well as high activity. The outer region of the catalyst composition may also provide some resistance to poisoning 

Vo^tT^an^qe^ process of the present invention is that by treating the dried microspheroidal support 
particles impregnated with a catalytically active metal, or its precursor, which is in a mobile state in the support part.de 
with a liquid comprising at least one reducing agent which deposits and immobilizes them, the metal, or its precursor 
is distributed predominantly in a layer below the surface of the particle such that the catalyst composition so produced 
has high attrition resistance as well as high activity. 

[0015] Preferably, the concentration of catalytically active metal or of its precursor in each of the inner and outer 
regions is less than halt the concentration of the catalytically active metal or of its precursor in the layer. 
[0016] In a preferred embodiment, the layer containing the catalytically active metal, or its precursor, has an outer 
edge which is at least 3% and no more than 75% of the particle radius from the surface of the support part.de and 
preferably, at least 5%, and more preferably at least 1 0% of the particle radius from the surface of the support .particle. 
[00171 Depending upon the size of the support particles, alternatively or additionally, the layer containing the cata- 
ytical y active metal, or its precursor, preferably has an outer edge which is at least 3 microns and no more » than ,20 
microns below the surface of each support particle . and is more preferably 4 to 20 m.crons below the surface of each 
particle, and yet more preferably is 5 to 1 5 microns below the surface of each particle. 

Fo018] Typically, the layer has an average thickness which is less than half the radius of the part.c.e, for example 
less than 25 microns. Preferably, the layer has an average thickness of greater than 0.1 rmcrons^ 
[0019] The process for preparing the catalyst composition of the present invention may be used for the preparat.cn 
of catalvsts for use in fluid bed processes, for example, for the production of vinyl acetate monomer. 
[00201 A suitable support material for use in a fluid bed process is a microspheroidal particulate matenal. Such 
particles have a diameter of 1 to 500 microns and are generally spheroidal in shape. When the catalyst compos, .on 
is to be used in a fluid bed process, as is well known in the fluid bed art, the support part.cles must be small enough 
to be maintained in a fluid bed state under reaction conditions while keeping sufficient attnt.on res-stance such that 
excessive amounts of catalyst composition need not be replenished during the process. Further, although typical par- 
STSzes tas measured by mean particle diameters) should not be so large as to be difficult to keep in a fluid bed 
Sphere should not be an excessive amount of very small particles (fines) which are difficult to remove from the 
system and may plug gas recycle lines. Thus, typically suitable fluid bed support particles have a distnbubon of larger 

raolzirForeSmple Jn the fluid bed manufacture of vinyl acetate from ethylene, acetic acid and oxygen-containing 
gas. typically, at least 80% and preferably at least 90% of the support particles have mean diameters of less than about 

[0022)°' Atypical catalyst useful in this invention may have the following particle size distribution:- 



0 to 20 microns 


0-3O wt% 


20 to 44 microns 


0-60 wt% 


44 to 88 microns 


10-80wt% 


88 to 1 06 microns 


0-80 Wt% 


>106 microns 


0-40 wt% 


>300 microns 


0-5 Wt% 



[0023] Persons skilled in the art will recognize that support particles sizes of 44, 88, and 300 microns are arbitrary 
measures in that they are based on standard sieve sizes. M.^trar V100 

Particle sizes and particle size distributions may be measured by an automated laser dev.ce such as a M.crotrac X1 00. 
[0024] Microspheroidal support particles useful in the present invention are sufficiently porous to permrt gaseous 
reactants to diffuse into the particle and contact catalytic sites incorporated within the particle^Thus the pore vo ume 
should be high enough to permit gaseous diffusion. However, a support particle w.th an exceedingly h.gh pore volume 
typicSywrnotha 

suitable microspheroidal support particle has a pore volume (measured by nitrogen so.pt.on) between about 0.2 and 
about 0.4 and 0.55 cc/g. 
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[00251 Surface areas (measured by nitrogen BET) for fluid bed support particles with mean diameters and pore 
volumes useful in the present invention typically are above about 50 nftg and may range up to about 200 m*/g. A 
typical measured surface area is about 60 to about 125 nrVg. 

[00261 Typically useful support particles, especially silica support particles are described in U.S. Patent 5,591 .688, 

5 incorporated by reference herein. In these supports microspheroidal particles are produced by spray drying a mixture 
of a silica sol with silica particles followed by drying and calcining. In the preparation, at least 10 wt.%, preferably at 
least 50 wt % of a silica sol is mixed with particulate silica. A useful particulate silica is a fumed silica such as Aerosil® 
(Degussa Chemical Company). A typical silica particulate material has a high surface area (about 200 wP/g) with 
essentially no micropores, and, typically, are aggregates (with mean diameters of several hundred nm) of individual 

10 particles with average diameters of about 10 nm (above 7 nm). 

Preferably the silica is sodium free. Sufficient particulate silica is added to the mixture to obtain a desired pore volume 
in the resulting support particle. The amount of particulate silica may range up to 90 wt.% and typically ranges up to 
1 0 to 50 wt % of the silica in the mixture. Typically, the silica sol/particulate silica mixture is spray dried at an elevated 
temperature such as between 1 15' to 280'C, preferably 1 30" to 240°C, followed by calcining at temperature typically 

15 ranqinq from between 550° to 700° and, preferably 630° to 660°C. 

[00271 An advantageous silica sol for preparing a catalyst support useful in the present invention contains silica 
Particles in the sol typically more than 20 nanometers in mean diameter and may be up to about 100 nanometers or 
more Preferable sols contain silica particles of about 40 to 80 nanometers. Nalco silica sol 1060 particularly is advan- 
tageous because of the relatively large mean silica panicle sizes of 60 nm pack less efficiently than smaller sol particles 

20 such as Nalco 2327 at about 20 nm. The larger particle size sol yields a final support with higher mesopore volume 
and less micropore volume. 

[00281 Although silica-based support particles are the most preferred in this invention, other oxides may be used as 
long as a particle of appropriate size and with sufficient pore volume is produced in which may be deposited the requ.red 
catalytic materials. Possible other oxides include alumina, silica-alumina, ceria. magnesia, titania, zirconia and m.xed 
oxides and mixtures thereof. The support may be impregnated with organic or inorganic bases for example Group I or 
Group II hydroxides and ammonium hydroxide. 

[00291 Preferably, the catalytically active metal comprises at least one Group VIII noble metal. The noble metals of 
Group VIII of the Periodic Table of the Elements (IUPAC) are palladium, platinum, rhodium, ruthenium, osm.um and 
iridium Typically, the noble metal used in a catatyst composition for the manufacture of vinyl acetate compnses palla- 
dium. Such a catalyst composition typically contains at least about 0.1 %. preferably at least 0.2 wt% palladium to about 
5 wt% and preferably up to 4 wt% palladium. . 
[00301 The catalytically active metal(s) may be impregnated in one or more steps onto the support particles in the 
form of precursor salt solutions. In a preferred aspect of the present invention, microspheroidal support particles are 
preferably impregnated with a palladium compound in a suitable solvent. Suitable solvents may be water, carboxylic 
acids such as acetic acid, benzene, toluene, alcohols such as methanol or ethanol, nrtriles such as acetonitnle or 
benzonitrile tetrahydrofuran or chlorinated solvents such as dichloromethane. Preferably, the solvent is water and/or 
acetic acid Suitably, the support particles are impregnated with palladium acetate, sulphate, nitrate, chloride or halo- 
gen-containing palladium compounds such as H 2 PdCI 4 , which is sometimes also represented as PdCI^HCI, and 
Group I or Group II salts thereof such as Na 2 PdCI 4 and K 2 PdCI 4 . A preferred water soluble compound is Na 2 PdCI 4 . A 
40 preferred acetic acid-soluble palladium compound is palladium acetate. The palladium compounds may be prepared 

in situ from suitable reagents. 

[0031 1 The catalyst composition suitable for the manufacture of vinyl acetate may also comprise, as promoters, other 
metals such as gold, copper, cerium and mixtures thereof, preferably gold. These other metals may also be more 
concentrated in the layer than in the inner and outer regions, that is the inner and outer regions may have a lower 
45 concentration of said promoter metal than said layer. Typically, the weight percent of gold is at least about 0.1 wt%, 
preferably at least 0 2 wt% gold to about 3 wt% and preferably up to 1 wt% gold. Typically, the weight percent of cerium 
is at least' about 0.1 wt%, preferably at least 02 wt% to about 10 wt% or more, preferably up to 5 wt% of cerium. 
Typically the weight percent of copper is at least 0 1 to about 10 wt%, preferably up to 5 wt% copper. 
[00321 Impregnation of the support particles with the gold, copper, cerium or mixtures thereof may be earned out 
so together with or separately from the impregnation of the support particles with the Group VIII noble metal compounds 
such as palladium compound(s). Suitable gold compounds include gold chloride, dimethyl gold acetate, banum ace- 
toaurate, gold acetate, tetrachloroauric acid (HAuCI 4 , sometimes represented as AuCI 3 .HCI) and Group I and Group 
II salts of tetrachloroauric acid such as NaAuCI 4 and KAuCI 4 . Preferably, the gold compound is HAuCI 4 . The gold 
compounds may be prepared in situ from suitable reagents. These promoters may be used in an amount of 0.1 to 10 
55 % by weight of each promoter metal present in the finished catalyst composition. 

[00331 In catalyst compositions suitable for the production of vinyl acetate, in addition to Group VIII noble metals 
such as palladium and optional promoter selected from gold, copper and cerium, the support particles may also be 
impregnated at any suitable stage during the preparation process with one or more salts of Group I, Group II, lanthanide 
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and transition metals promoters, preferably of cadmium, barium, potassium sodium manganese,^ J"** 
num or mixtures thereof, which are present in the finished catalyst composition as salts. typ.calty acetates. Generally, 

K?i£q»ndi are acetates but any soluble salt may be used. ^J^^"^^ 
an amount of 0.1 to 1 5 %. preferably 3 to 9 %, by weight of each promoter salt present in the finished catalyst compo- 

ru0341 The impregnation of the support particles may be performed using any suitable technique. A preferable meth- 
od to mpregnate salt solutions is an incipient wetness technique in which there is used a salt solution in an amount 
up to the volume of the pores of the support particles wrthout excess solution being used. Thus, a des red Jevel o metal 
compounds such as palladium and other metal species may be incorporated into the support particles by calculating 
the amount of metals and the volume of solution needed. The impregnation is typically performed at ^bient temper- 
ature. Elevated temperatures may be used for example, with palladium acetate in acetic acid, greater than 60 C and 

rO P 0351 2 °The impregnated support particles are dried and optionally, the impregnation step repeated two or more times 
f there is required higher metal or promoter loadings, than the solubility of the salt in the solvent will allow. The drying 
step may be performed at up to 140 -C. preferably up to 120 °C. The drying step may be performed at ambient tem- 
perature i and reduced pressure. Air, nitrogen, helium, carbon dioxide or any suitable inert gas may be used in the drying 
step The catalyst composition may be tumbled, rotated or agitated by the gas stream or mechanical means to aid drying. 
[00361 The reducing agent may be a reducing agent such as hydrazine, formaldehyde, sodium formate, sodium 
borohydride, methanol or alcohols, preferably hydrazine. Hydrazine is preferably used as an aqueous 
r0037] It has been found that the amount of reducing agent needed to give a layered structure depends on the amount 
of metal e g Group VIII noble metal such as palladium metal which is present in the catalyst composition. Generally, 
higher concentrations of chemical reagent than have hitherto been used are used, for example > 1 % by weight hy- 
drazine If reducing regents otherthan hydrazine are used, the molar equivalent to the% by weight hydrazine are used 
Thus, for example if Palladium is present in the cata^st composition in amounts of 0.5 - 2 wr%, a concentrat.on of 
reducing agent in the liquid in excess of a molar equivalent of 2 wt % hydrazine concentration, for example, at leas a 
molar equivalent of 3 wt% hydrazine, such as a molar equivalent of 4-20 wt% hydrazine and preferably a molar equiv- 
alent of 4-8 wt% hydrazine has been found to produce a layered structure of the present inventionjt has a so been 
found that the more concentrated the solution of hydrazine or other reducing agent, the greater the distance the layer 
will be below the surface of the particle. Typically, the reducing agents such as aqueous hydrazine are used at ambient 
temperatures but temperatures up to 1 00-C may be used. Typically, an excess of reducing agent is used The reducing 
agent will reduce the impregnated metal precursor species to catalytic*.* active zero vatence 

r0038] Preferably hydrazine at a concentration in water of greater than 1 % by weight, preferably at least 2 /. by 
weight more preferably in excess of 2 % by weight, for example at least 4 % by weight is used in the preparation of 
thecatalyst compositions. Thus, according to another embodiment of * e P resent inventi0 ^ 
for preparing a catalyst composition wherein said process comprises impregnating support particles with a solution of 
at least one Group VIII noble metal and then contacting the impregnated support with hydrazine at a concentrat.on in 

ISo9] 0f a ConScWhe liquid comprising at least one reducing agent with the mobile metal- or precursor- impregnated 
Sort particles deposits and immobilizes the metal or its precursor such that the metal or rts precursor is distributed 
as a Tayer below the surface of each support particle. Preferably, at least 50% of the metal is disputed as a layer m 
each support particle. The distribution of the metal may be determined by suitable techniques such as Electron Micro- 

mSm After the reduction step, the impregnated support particles are preferably washed to remove anion contami- 
nants for example, nitrates, sulphates and usually halides. For chloride removal, washing with de-ionised water shou d 
proceed until a silver nitrate test shows that there is no soluble ch.oride present. The anion contam.nation levels should 
be minimised for the preparation of catalyst compositions suitable for the production of vinyl acetate. Cat.on contam- 
^"u'd be minimised for the preparation of catalyst compositions for the production of vinyl acetate; for exarnpie 
to below 0 5 wt %, preferably below 0.2 wt % of sodium in the dried catalyst composition. Low levels of these contam- 
inants are likely to remain; it is not essential that the levels are absolutely zero. On a commerce! scale batch washing 
may be used To speed up the process, warm water may be used. Also, ion exchange solutions (such as potassium 
acetate) can be used to displace chloride and sodium. Also, the reagents used for the preparation can be selected to 
avoid the use of chloride and sodium, for example, potassium metasilicate instead of other Group I or Group II salts 

ra041] S The^ppo^may be impregnated with base. Base may be used to influence the mobility of the metal or its 
precursor and to affect the size and location of the layer. The base may be added before or dunng the '"Pre^at-on 
of the support with the metal or its precursor. There should not be used so much base as to completely immobilize the 
metal or its precursor before addition of the reducing agent. 
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effect is observed at both room temperature and at 80°C # 
The greater the layer depth the more protected the noble metal catalyst component will be from loss by abras.on or 

attrition. 

Example 8 - Preparation of Catalyst Composition W ithout Gold. 

100621 Silica support (47g) was impregnated with a solution of Na 2 Pd 2 CI 4 .xH 2 0 (containing 0.5 g palladium) in dem- 
Zrlec Iwater by incipient wetness. The resulting material was mixed thoroughly and thereafter dned overmght 
006* The dried impregnated material was added slowly to a stirred solution of hydraz.ne m demmeraUsed water (4 
wt.%) and the mixture allowed to stand with occasional stirring. Thereafter the mixture was washed wrth dem.neral.sed 

TooS] 8 " The e ma d terial was impregnated with an aqueous solution of potassium acetate (2.5g) by incipient wetness. 
The resultant material was left to stand fori hour and dried overnight. 

JoSwT Examination of this material showed that it also had a layered structure but that the layer of pa.lad.um was 
broader than in the catalyst materials of examples 2-4 and 6-7. 

Metal Loss Experiment. 

[00661 Microspheroidal catalysts containing palladium and gold were subjected to attrition tests in a 38 mm internal 
diameter fluid bed test apparatus provided with afreeboard section and airfeed through three 0.4 mm diameter nozzles 
wTa gas Telocity of 320 m/s. 50g samples of catalyst were used in 20 hour tests which were des.gned I to m.m,c 
attrition in a fluid bed reactor for the production of vinyl acetate from ethylene, acetic acid and oxygen but under 
aSeraL conditions. The freeboard section of the apparatus enabled the bulk of the catalyst to be reta.ned ,r .the 
vessel during the experiment, but fines formed by attrition escaped from the top of the vessel and were collected m 
filters and measured. The metal content of the recovered fines was measured and expressed as a percentage of the 
metal in the catalyst. This provided a measure of the attrition. 

[00671 Catalyst A was a she., type catalyst whereas catalyst B had been prepared by a process according to he 
present invention. A significant proportion of the palladium and gold in catalyst B was located m a layer w,th an outer 
edge 8 microns below the surface of the particles. „ ri ««„»^t 
[00681 Table 2 shows the amounts of palladium and gold lost by the two catalysts during the attntion test. 

Table 2 



Catalyst 


palladium loss 


gold loss 


A 


56.0 % 


52.2 % 


B 


4.0 % 


5.9 % 



The results in table 2 show that the catalyst according to the present invention loses less of the catalytically active 
metals palladium and gold than the shell type catalyst. 



Claims 



1 A process for preparing a supported metal catalyst composition which process compnses .mpregna mg micro- 
' steroidal support particles with a solution of at least one catalytically active metal, or precursor thereof, such that 
the metal or its precursor, is in a mobile state in the support particles, drying the impregnated support part.cles 
and then 'treating the mobile metal, or precursor, in the support particles with a liquid comprising , at least one 
reducing agent to deposit and immobilize the metal, or its precursor, in the support particles such that the metal, 
or its precursor, is distributed in the support particle in a layer below the surface of said support part.de. sa.d layer 
being between an inner and an outer region, each of said inner and outer regions having a lower concentrat.cn of 
said metal or precursor than said layer. 

2. A process as claimed in claim 1 in which the catalytically active metal comprises at least one Group VIII noble metal. 

3. A process as claimed in claim 2 in which the Group VIII noble metal comprises palladium. 

4. A process as claimed in claim 3 in which palladium is present in the catalyst composition in an amount of 0.5 - 2 
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wt%. and the concentration of reducing agent in the liquid is in excess of a molar equivalent of 2 wt % hydrazine 
concentration. 

5. A process as claimed in claim 4 in which the concentration of reducing agent in the liquid is at least a molar 
equivalent of 3 wt% hydrazine. 

6. A process as claimed in claim 5 in which the concentration of reducing agent in the liquid is a molar equivalent of 
4-20 wt% hydrazine. 

7. A process as claimed in claim 6 in which the concentration of reducing agent in the liquid is a molar equivalent of 
4-8 wt% hydrazine. 

8 A process as claimed in any one of the preceding claims in which the reducing agent is selected from the group 
consisting of hydrazine, formaldehyde, sodium formate, sodium borohydride, and alcohols. 

9. A process as claimed in claim any one of the preceding claims in which the support is impregnated with base. 

10. A process as claimed in any one of the preceding claims in which at least 80 % of the support particles have a 
mean diameter of less than 300 microns. 

1 1 A process as claimed in claim 2 in which the Group VII metal comprises palladium, and the support is impregnated 
' with at least one promoter selected from the group consisting of gold, copper cerium and m.xtures thereof . and 

at least one promoter selected from the group consisting of salts of Group I, Group II, lanthan.de and transrt.on 
metal promoters. 

1 2 A process as claimed in claim 1 1 in which said inner and outer regions have a lower concentration of said promoter 
' metal selected from the group consisting of gold, copper, cerium and mixtures thereof than said layer. 

13 A process as claimed in any one of the preceding claims in which the layer containing the catalytical^ active nietal 
or precursor thereof has an outer edge which is at least 3% and no more than 75% of the part.de rad.us from the 
surface of the support particle. 

14 A process as claimed in any one of the preceding claims in which the layer containing the catalytically active metal 
or precursor thereof has an outer edge which is at least 3 microns and no more than 20 m.crons below the surface 
of each support particle. 

1 5. A process as claimed in any one of the preceding claims in which the layer has an average thickness which is less 
than half the radius of the particle. 

16. A process as claimed in claim any one of the preceding claims in which the layer has an average thickness of 
greater than 0.1 microns and less than 25 microns. 

17 A composition comprising microspheroidal support particles having at least one catalytically active metal or pre- 
cursTmteof distributed therein, in which the metal or precursor thereof is distributed in the support particle m a 
layer below the surface of said particle, said layer being between an inner and an outer region of sard support 
particle, and each of said inner and outer regions having a lower concentration of said metal or precursor thereof 
than said layer. 

18. A composition as claimed in claim 17 in which at least 80 % of the support particles have a mean diameter of less 
than 300 microns. 

19 A composition as claimed in any one of claims 17 to 1 8 in which the layer containing the catalytically active metal 
' or precursor thereof has an outer edge which is at least 3% and no more than 75% of the part.de rad.us from the 

surface of the support particle. 

20 A composition as claimed in any one of claims 17 to 19 in which the layer containing the catalytically active metal 
or precursor thereof has an outer edge which is at least 3 microns and no more than 20 m.crons below the surface 
of each support particle. 



Copied from 10 528786 on 06/12/2006 

i::::::::::: 1 ^:::::::::::::::::::::::::::::::::::::::::::::::::::: - 



EP 1 175 939 A1 

21 . A composition as claimed in any one of claims 1 7 to 20 in which the layer has an average thickness which is less 
than half the radius of the particle. 

22. A composition as claimed in any one of claims 17 to 21 in which the layer has an average thickness of greater 
s than 0.1 microns and less than 25 microns. 

23. A composition as claimed in any one of claims 17 to 22 in which the catalytically active metal comprises at least 
one Group VIII noble metal. 

io 24 A composition as claimed in claim 23 comprising palladium, at least one promoter selected from the group con- 
' sisting of gold, copper, cerium and mixtures thereof; and at least one promoter selected from the group consisting 
of salts of Group I, Group II, lanthanide and transition metal promoters. 

25 A composition as claimed in claim 24 wherein said inner and outer regions have a lower concentration of said 
is ' promoter metal selected from the group consisting of gold, copper, cerium and mixtures thereof than said layer. 

26 A process for preparation of vinyl acetate which comprises reacting ethylene and acetic acid with molecular oxygen 
" containing gas in the presence of a catalyst composition prepared by a process as claimed in any one of claims 

1 to 16 or in the presence of a catalyst composition as claimed in any one of claims 17 to 25. 
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